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??????????????(1)?????????????? (cf. Stoy, 1977, chap. 2)?
????????????????????????????????????????



















































?? 2.1 (????) ???? (A;)??? directed????????? x; y 2 A?????
?? z 2 A?????x  z?y  z???????????
?? 2.2 (??????) ???? D??? complete??????D??????????
D?????????? A?????????? D???????????
??????? A???? _A??????????????? CPO?complete partial
ordered set???????
??????
?? 2.3 (????) (D;); (D0;0)?????????????? f : D ! D0???mono-
tonic????????? x; y 2 D?????x  y??? f (x) 0 f (y)????????
???
?? f : D ! D0??A  D?????A? f ?????????? f f (x) 2 D0 j x 2 Ag?
f [A]?????????????????????????????????? D;D0?
???? f : D ! D0? D?????????? A????? f [A]? D0????????
???
?? 2.4 (????) CPO?D;D0??????? f : D ! D0??? continuous??????
??????? A  D????? f (_A) = _ f [A]???????????
(D;); (D0;0)? CPO???????? D?? D0???????????? [D ! D0]
??????? [D ! D0]?????? ????????????? f ; g 2 [D ! D0]?
????
f  g () 8x 2 D( f (x) 0 g(x)):
???[D ! D0]?????????????????????????????????
??????????
?? 2.5 D;D0? CPO???????? [D ! D0]? CPO????
?? ?? (1994)??? 3.2.4?????????
?? 2.6 (????) A; B???????f  AB????????? f 0 : A ! B?????
f  f 0???????(4)???????? a 2 A; b 2 B???? ha; bi 2 f ??? f 0(a) = b
???????? f ? A?? B?????? partial function???? f : A + B?????
??????????????????????
a 2 A??????? b????? ha; bi 2 f ???????? f (a)????????
defined??????? b? f (a)?????????? b???????????ha; bi 2 f
?? b????????? f (a)??????? undefined??????
???? f : A + B? g : B + C????
fha; ci 2 A C j 9b 2 B(ha; bi 2 f & hb; ci 2 g)g
? A?? C????????????? f ? g??? composition????g  f : A + C
?????
CPO????????????????????????????????????(D;)
?? (D0;0)?????????????? [D + D0]?????[D + D0]?
f  g () 8d 2 D( f (d)???????????? f (d) 0 g(d))
?????? ?????? ([D + D0];)? CPO????
?? 2.7 (??) f ; g : D++D0?????????????? d 2 D?????g(d)????
???? g(d) = f (d)???????????g? f ??? approximation????????
g v f ???????? g(d)???????????? d 2 D?????????????
??g? f ????? finite approximation????????g vfin f ??????
?? 2.8 (???) ?? f : A ! A???? f (a) = a???? a 2 A?? f ???? fixed
point????
??????????? f : A ! A? n  0????? f n??
f n =
8>><>>: idA ?n = 0????f  f n 1 ?n > 0??????
????????? A????????????????? idA? A???????
?? 2.9 D? CPO??? D????? f : D ! D?????????????? _f f n(?) j
n  0g? f ???????????? fix : [D ! D] ! D??????? D??????
????????????????????????fix?????????





























fact(x) ::= if x = 0 then 1 else x  fact(x   1)
???????????? x????? f (x) = x!??????????????????
????????????????????????????????????????
??????????fact(x)???????????????
fact(x)  if x = 0 then 1 else x 
(if (x   1) = 0 then 1 else (x   1) 
(if (x   2) = 0 then 1 else (x   2) 
(if (x   3) = 0 then 1 else (x   3)    
????????????????????????????? n  0?????
fact0(x) ::= undef
fact1(x) ::= if x = 0 then 1 else undef
fact2(x) ::= if x = 0 then 1 else x 
(if (x   1) = 0 then 1 else undef)
fact3(x) ::= if x = 0 then 1 else x 
(if (x   1) = 0 then 1 else (x   1) 
(if (x   2) = 0 then 1 else undef))
???????? factn??????????????????????????????
??????? : [N + N] ! [N + N]???????????
 =  f : [N + N]: x : N:(if x = 0 then 1 else x  f (x   1))
???  ?????????????????? ???????; : N + N?????
n 2 N???? ;(n)?????????????????????;?????????;
? [D + D]?????????????????? n  0????
n(;)(x) =
8>><>>: x! ?x < n??????? ?x  n????
????????? factn ??????????n(;) ???????????????
??? 0(;) vfin 1(;) vfin : : : ?? fact = _fn(;) j n  0g ?????????? 2.9
?? fact : N ! N ?  ???????????????? fact ??????????

























??????? A  D??????????_A???????????????????
??????









??????????????????????????? q???? j p2  q0j < j p2  qj
???? q0???????????????????????? f (x) = 2=x??????
?????????????????????????????? (cf. Abelson & Sussman,
1996, sec. 1.3.3)?
f (x) ::= 2=x
sqrt( f ; x) ::= sqrt( f ; ( f (x) + x)=2)
????????????????????????????????? f ??????




2?????????????????? n???? sqrtn??????? sqrtn
????????????? sqrt?????? sqrt ?




















????????????????????????????????? (cf. Troelstra &
Schwichtenberg, 2000, sec. 2.2 and chap. 6)??? Prolog???????????????
?????????Prolog????????????????????????????


























???? cartesian closed category?????????????????(7)?70???? 80
??????
???????????-??????????????????????????????
??????? predicative????? dependent type theory??????????????
?????????????? locally cartesian closed category????????????
(cf. Jacobs, 1999, chap. 10)?????????????????????????????




















??????????????????????????Q = fq0; q1g??????? A = fa0; a1g
???????  : Q  A ! Q??????????????????
(qi; a j) =
(
qi (i = j???)
q1 i (????)






(4) ?? f : A ! B??????????? A  B?????????????????????
(5) ???????????????????????????? y:y((x:y(xx))(x:y(xx))???
???????????????????????
(6) ?????? fangn>0? x????????????????? k????????? N???
?????????? m  N ?????jx   amj < 1=k??????????????
(7) ???????????????????????????????? Lawvere & Schanuel
(1997); Awodey (2006)??????????????? Lambek & Scott (1986), part I, section 11
????????
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